A comparative morphological study of different ZnO nanostructures was carried out with different varying process parameters for energy harvesting. Molarity, temperature, growth duration and seed layer were such fundamental controlling parameters. The study brings out an 
INTRODUCTION
In recent years, ZnO based nanostructures have attracted attention due to their application in diverse fields. Wide direct band gap of ZnO along with proper tuning by doping has created interesting application in optics [1, 2] and electronics [3] [4] [5] [6] . Doping with different materials is also successful in creating properties like ferromagnetism [7, 8] and ferroelectricity [9, 10] in ZnO at nanoscale. Electromechanical property of environment friendly ZnO has a sound impact in the field of sensors and actuators, like biological sensing [11, 12] , gas sensing [13, 14] and especially in energy harvesting [15] [16] [17] [18] [19] . Our objective is to grow vertically aligned [0001] directed ZnO nanorods by low temperature sol-gel method for energy harvesting application. In this process, we explored the evolution of nanostructured morphologies in relation to the process parameters. Here, we report on the synthesis of different ZnO morphologies at nanoscale with a simple low-cost hydrothermal/sol-gel method at atmospheric pressure. Sol-gel method is preferred because of its certain advantages over other conventional techniques (such as CVD [20, 21] , VLS [22, 23] , PLD, magnetron sputtering, and MOVPE [24] ). It does not require high vacuum, sophisticated equipment, and high temperature. Beside all, the growth process is easily controllable with high reproducibility. We studied the influence of various process parameters like, molarity of chemical reagents, process temperature, process time and the seed layer on the microstructure evolution. These parameters facilitate to obtain different growth morphology of 
EXPERIMENTAL

Material synthesis
Zinc-nitrate-hexahydrate [Zn(NO 3 ) 2 .6H 2 O] and hexamethylene-tetramine [C 6 H 12 N 4 ] were the reagents used to obtain ZnO nanostructures. They were mixed in 1:1 molar ratio. This solution was kept under constant temperature and ultrasonicated for two hours. The ultrasonication allows the solution to become homogeneous. This was transferred into a semi-closed Pyrex bottle. Substrates like Si and 30 nm thick ZnO seed layer coated Pt/Si (100) were already prepositioned in the Pyrex bottle. The solution was then treated under atmospheric pressure for 1.5 hour to 5 hour. The temperature of process solution was varied from 95 °C to 150 °C. After the hydrothermal process, the substrates were washed with DI water and ethanol repeatedly and dried with nitrogen blower. All the samples were dried at 150°C for two minutes. We have used different concentrations of precursor in our experiment starting from 1 mM to 600 mM. The reactants were mixed in 1:1 ratio.
Characterization
For ZnO morphology evaluation, we used high vacuum SEM (Ultra 550 FESEM, Carl Zeiss AG, 
RESULTS AND DISCUSSION
Effect of precursor concentration
We observed a rapid change in nanostructure morphology with change in precursor concentration. Figure 1 shows false color SEM images of different ZnO nanostructure 4 morphologies. They were grown on Si substrates at a constant temperature of 150°C for 5 hours.
The shapes of these morphologies are like, nanowires (figure 1(a)), miss-aligned cylindrical standing (figure 1(b)), rice like structures (figure 1(c)), dense rice bed (figure 1(d)), nanoflower (figure 1(e)), porous sponge (figure 1(f)) and porous spongy carpet (figure 1(g)). These show drastic change in ZnO nanostructures with change in concentration of precursor solution, while other process parameters were kept constant. We used different molarities of precursor solutions for experiment. These were 1 mM (figure 1(a)), 10 mM (figure 1(b)), 25 mM (figure 1(c)), 50 mM (figure 1(d)), 100 mM (figure 1(e)), 500 mM (figure 1(f)) and 600 mM (figure 1(g)). Table   1 shows average size of different nanostructures. Thermodynamically, hexagonal wurtzite structure is the most stable structure of ZnO [25] . This structure (figure 2(a)) has highest surface energy in polar c planes (0001) sheet like structure (figure 2(b)). Increasing time accumulates these 2D sheets into porous spongy structure (figure 1 (f) and (g)). So, increase in precursor concentration transforms 1D structure into 2D structure (nano wire to nano carpet). Leung et al., [26, 27] has observed similar behavior while synthesizing different ZnO nanostructures by electrodeposition.
Effect of synthesis temperature
Process temperature plays an important role on the morphology. Change in ZnO nanostructure is to temperature from 95°C to 150°C.
Effect of process duration
Process time has profound effect on ZnO morphology variation. Figure 4 (a -c) shows the effect of growth duration (from 3 to 5 hours). Here, other parameters were kept constant (50 mM process solution at 150°C, Si substrate). ZnO nanostructures start growing laterally after 3 hour. 
Effect of ZnO seed layer
Figure 5 (a) shows highly aligned dense nanorod structures. These are grown on 30 nm sputtered ZnO seed layer. Figure 5 (b) shows the cross sectional view of the same. We notice from the image that these nanorod structures are uniformly grown and densely packed on the substrate.
Density of these structures is approximately 2.6 x 10 10 cm -2 . It is evident from the cross sectional view that these structures are grown vertically with respect to the substrate. Here, 25 mM concentration of solution was used at 95 °C for 1.5 hour. ZnO seed layer enables aligned vertical direction growth. This is hard to obtain in the absence of seed layer keeping all the other constraints same. From the SEM image, we observe nanorod structures are around 500 nm in length and 50 nm in diameter. As the process temperature was increased from 95 °C to 150 °C, vertical growth has terminated and lateral rice like growth gets initiated ( figure 5 (c) ). Presence of only ZnO peak other than substrate peak (Pt) confirms purity of ZnO compound. We have calculated lattice parameters a and c using standard equations [28] and grain size using
Scherrer's formula [29] which is given as follows:
Eqn. (1) where, d is grain size of ZnO nanostructures in nanometer, K (=0.9) is shape factor, λ is X-ray wavelength in Å, is full width at half maximum (FWHM) in radian and is half of Bragg's angle in degree. Lattice parameters of the aligned nanorod structure obtained from the XRD data are 3.234 Å and 5.211 Å. Where, grain size was 43.76 nm. The lattice parameters are well matched with the JCPDS-36-1451. The c/a ratio is 1.611 which indicates wurtzite nature of the structure. XRD data also gives information of Zn-O bond length. From standard equations [30] given by, Eqn. (2) where, L is bond length and for hexagonal structure. Zn-O bond length is calculated and it is 1.97 Å. This is comparable with the theoretical Zn-O bond length [31] . piezoelectric coefficient measurement was very much needed. So, it was carried out using PFM.
The value of the piezoelectric constant is 44.33 pm/V. This is a significant increase in piezoelectric constant for ZnO nanostructure. As far our notion goes, this is the best piezoelectric constant for any kind of ZnO nanostructures. In our future research, we aim to enhance this coefficient further by suitable doping, applying thermal effect or interface engineering.
